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Abstract
We propose the use of B± → D∗∗0(–) K± decay modes for a theoretically clean determination of
the weak phase γ. The self tagging decays of the neutral D∗∗ mesons, makes a measurement of the
b→ uc¯s amplitude feasible. This overcomes the problem with the Gronau-London-Wyler proposal.
Even an upper limit on the B(B− → D¯∗∗0K−) will place an assumption free, lower bound on γ.
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It is hoped that theoretically clean, precise measurements of all the angles of the unitarity
triangle will provide us with a testing ground for the Standard Model (SM) parameterization
of CP violation [1]. A time dependent CP asymmetry in the golden mode B0 → J/ψKs
has been successfully used to measure sin(2β) [2]. Clean methods to determine all the CP
violating phases from a variety of final states are crucial in a search for physics beyond the
SM. A clean extraction of the weak phase γ has been an experimental challenge. While first
estimates of the angle γ are provided by methods based on approximations like SU(3) [3],
precise measurements have to be free from such assumptions. A promising theoretically
clean method was proposed by Gronau, London and Wyler (GLW) [4]. The method relies
on the interference of the b → cu¯s and b → uc¯s tree amplitudes. The former appears in
the decay of B− → D0K−, while the latter in B− → D¯0K−. If one observes the decay
B− → DCPK−, where DCP is a CP eigenstate into which the neutral D decays, then the
interference achieved allows determination of γ. The technique requires a measurement of
the branching ratios: B(B− → D0K−), B(B− → D¯0K−), B(B− → DCPK−) and B(B+ →
DCPK
+). However, the measurement of B(B− → D¯0K−) poses an experimental problem [5].
The branching ratio B(B− → D¯0K−) measured by reconstructing the D¯0 in a hadronic mode
is contaminated by B(B− → D0K−), where the D0 decays via a doubly-Cabibbo suppressed
decay mode. The D¯0 cannot be tagged through a semileptonic mode either, due to the
background from direct decays of the B−.
A resolution to this problem was provided by Atwood, Dunietz and Soni [5], who con-
sidered decays into two final states of the neutral D, with at least one of the final states
being not a CP eigenstate. The B(B− → D¯0K−) is treated as a parameter that can be
solved. The method has the advantage that the CP asymmetry for the non-CP eigenstate
is larger, since the final state is chosen to be a doubly Cabibbo suppressed mode of D0.
However, a precise measurement of γ, from this method requires at least one precise de-
termination of a doubly Cabibbo suppressed branching ratio of D0. Another method using
the vector-vector D∗K∗ final states was proposed [6]. An angular analysis results in a large
number of observables that allow determination of γ as well as other parameters, including
the doubly Cabibbo suppressed branching ratio. Several other variations of the DK method
have also been presented [7]. Recently, alternate methods using either multibody final states
or multilple final states of the D0 have been investigated [8]. While the sensitivity of most
DK methods is expected to be similar, larger number of methods are useful for increasing
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statistics and providing consistency checks [9].
In this brief report, we propose the use of B± → D∗∗0(–) K± decays, as these will allow an
implementation of the GLW method. Since the excited D-meson states, D∗∗0 (D¯∗∗0), decay
into a charged D+pi−/D∗+pi− (D−pi+/D∗−pi+), the branching ratios for both B− → D∗∗0K±
as well as B− → D¯∗∗0K± can be measured. Hence, the difficulty of the GLW method is
overcome. Note that the vector D∗0 meson cannot decay into charged Dpi modes and hence,
using D∗K± final states does not resolve the problem.
Various D∗∗0 mesons have been observed by many collaborations [10]. The Belle col-
laboration has recently measured the product of branching fractions: B(B− → D∗∗0pi−) ×
B(D∗∗0 → (D/D∗)+pi−) ≈ O(10−4), for four of the D-meson excited states [11]. With larger
number of B− B¯ pairs expected, it should soon be possible to measure the branching ratios
for the D∗∗0K− final state as well. The high luminosity at the super-B factories and other
planned B-physics experiments, should enable a measurement of the branching fractions for
B(B− → D¯∗∗0K−) × B(D¯∗∗0 → (D/D∗)−pi+), allowing γ to be cleanly extracted. Even if
only an upper limit on B(B− → D¯∗∗0K−) is available, it will still allow us to obtain a bound
on | sin γ|, free of any theoretical assumptions.
The decay amplitudes for B− may be defined as:
A(B− → D∗∗0K− → D+pi−K−) ≡ aceiδc
A(B− → D¯∗∗0K− → D−pi+K−) ≡ aueiδue−iγ , (1)
where, ac, au are the decay amplitudes involving the b → cu¯s and b → uc¯s transitions and
δc, δu are the corresponding strong phases. In the Wolfenstein parameterization [12], while
the amplitude for B− → D∗∗0K− has no weak phase, that for B− → D¯∗∗0K− has the weak
phase γ. Interference of these amplitudes is achieved by looking at the decays into CP
eigenstates of the neutral D, B− → D±CPpi0K−,
A(B− → [D∗∗0K− ± D¯∗∗0K−]→ D±CPpi0K−) =
r√
2
[ace
iδc ± aueiδue−iγ], (2)
where, r is the ratio of the amplitudes of D0 to a CP eigenstate to that of the D+ to a
Cabibbo-allowed mode (or any mode in which it is reconstructed) and the CP even (odd)
eigenstates of D0 are defined as: D±CP =
1√
2
[D0 ± D¯0]. Using these and the amplitudes for
the CP conjugate modes, we have:
Bsum ≡ B(B− → [D±CPpi0]D∗∗K−) + B(B+ → [D±CPpi0]D∗∗K+)
3
= r2(a2c + a
2
u ± 2acau cos δ cos γ) (3)
and the CP asymmetry,
ACP ≡ B(B
− → [D±CPpi0]D∗∗K−)− B(B+ → [D±CPpi0]D∗∗K+)
B(B− → [D±CPpi0]D∗∗K−) + B(B+ → [D±CPpi0]D∗∗K+)
=
∓2auac sin δ sin γ
a2c + a
2
u ± 2acau cos δ cos γ
(4)
where, δ = δc − δu.
The measured values for B(B− → D∗∗0K−) and B(B− → D¯∗∗0K−) determine ac and
au respectively. While the corresponding amplitude ac could be determined in the original
GLW method, a measurement to determine their corresponding au, was not feasible. Our
choice of final states with excited neutral D mesons that decay into self tagging charged
Dpi modes, has made the determination of au possible. Knowing ac and au and the two
observables in Eqs.(3 and 4), the phases, δ and γ can be determined. | sin γ| is determined
up to a two-fold ambiguity from the relation:
sin2 γ =
4r4a2ua
2
c + A
2
CPB2sum −X2 ∓
√
(4r4a2ua
2
c + A
2
CPB2sum −X2)2 − 16r4a2ua2cA2CPB2sum
8r4a2ua
2
c
(5)
where, X ≡ Bsum − r2a2c − r2a2u.
Note that the technique presented is also applicable to the decay of the neutral B mesons,
B¯0 → D∗∗0K¯∗0(B0 → D¯∗∗0K∗0). The decay of K∗ into self tagging modes render the neutral
B decay modes to be treated exactly like the charged B decays. While the branching ratios
in case of the neutral B decays are expected to be smaller, the CP asymmetry will be
larger as both the b → c as well as b → u contributions will be colour suppressed and
therefore comparable. Only inclusive data in the B¯0 → D∗∗0K¯∗0(B0 → D¯∗∗0K∗0) modes
will be required; an angular analysis to obtain individual partial wave amplitudes need not
be performed. In the decays of neutral B mesons, the usefulness of D∗∗ states, had been
pointed out in Ref. [13], where a method to extract (2β + γ), using a time dependent study
was presented.
Several of the D∗∗0 modes have been observed and the product of branching ratios for
production of D∗∗0pi and the decay of D∗∗0 → Dpi(D∗pi) have been measured. In principle,
any of the D∗∗0 modes could be used. Since the CP asymmetry will be larger for the mode
with larger strong phase difference δ, this variety of D∗∗0 states will allow one to choose
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the state with the largest CP asymmetry, large branching ratio and high reconstruction
efficiency. For our numerical estimations below, as an example, we choose the D∗2 resonance,
since this has a narrow width and decays to a D+pi−. The axial vector mesons, D01, D
′0
1 are
allowed to decay only into D∗+pi−. Hence, the reconstruction efficiency for the axial vector
mesons might be expected to be lower than that for the tensor or the scalar. Moreover there
is also the problem of mixing in case of the axial vector mesons. The scalar D∗00 is rather
broad. A possible complication is that both the D∗00 and the D
∗0
2 have overlapping Breit
Wigner shapes. However, due to the narrow width of D∗02 , it may be possible to select the
region of interference and extract the region corresponding entirely to D∗00 [14].
In the following, we show, that even if the B(B− → D¯∗∗0K−) is not exactly measured
but only an upper limit is available, one can already start putting bounds on | sin γ|. For
this numerical analysis we use the following [15]:
a2c = λ
2B(B− → D∗02 pi−)B(D∗02 → D+pi−)B(D+ → K−pi+pi+) = 2.69× 10−6
r2 =
B(D0 → KSpi0)
B(D+ → K−pi+pi+) = 0.125
Bsum = 3.45× 10−7. (6)
Naively, we expect,
a2u
a2c
=
[ |VubVcs|
|VcbVus|
a2
a1
]2
= 0.030, where, to obtain the colour suppression
factor, we use
(a2
a1
)2
= 2
B0 → D¯0pi0
B0 → D−pi+ = 0.194.
Using the numerical values of the parameters given by Eq. (6), an extremization of the
expression for sin2 γ given in Eq.(5) results in bounds on | sin γ| for limiting values of a2u. We
find that while the first solution (with the -ve sign for the discriminant) gives a lower bound
on | sin γ| for a2u <∼ 5.4× 10−6, the second solution (with the +ve sign for the discriminant)
provides an upper bound on | sin γ| for a2u <∼ 7.0 × 10−8. The first solution vanishes for
ACP = 0, on the other hand, the second is non-vanishing for zero CP asymmetry. The
| sin γ| contours corresponding to the first solution are shown in Fig. 1. From the figure, lower
bounds on | sin γ|, for a measured upper limit on a2u and non-vanishing CP asymmetry can
be easily estimated. For example, if we assume that the measured a2u is bounded by B(B− →
D¯∗∗0K− → D−pi+K−) < 5.0 × 10−8, then for a measured CP asymmetry |ACP | = 0.20, we
have the limit | sin γ| > 0.75. For larger CP asymmetries, the bound becomes tighter. The
second solution results only in larger values of | sin γ|, consistent with the bound obtained
from the first solution. Once, the branching ratio, B(B− → D¯∗∗0K− → D−pi+K−) and the
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FIG. 1: | sin γ| contours corresponding to various values of the CP asymmetry, ACP and the
branching ratio, B(B− → D¯∗∗0K− → D−pi+K−).
direct CP asymmetry are both measured, the value of | sin γ| corresponding to each of the
solutions can be extracted.
In the above estimates, we used the branching ratio for the decay of D0 to the particular
CP eigenstate KSpi
0. To improve statistics we could add either all CP even or all CP odd
states. In fact, since the solution for | sin γ|, involves only squares of terms that switch sign
from CP even to CP odd, it is possible to achieve even higher statistics (increase r2), by
combining all possible CP eigenstate modes. Also, D+ (D−) could be reconstructed using
additional final states, which could increase a2c (a
2
u).
To conclude, we have suggested the use of B → D∗∗0K modes for determination of γ. The
D∗∗0 (D¯∗∗0) decay to flavour specific modes D+/D∗+pi− (D−/D∗−pi+), allowing measurement
of the b→ u amplitude. This overcomes the problem of the Gronau-London-Wyler proposal
and a clean extraction of γ is possible. The Belle collaboration has already measured the
product of branching fractions: B(B− → D∗∗0pi−)×B(D∗∗0 → (D/D∗)+pi−) ≈ O(10−4), for
four of the D-meson excited states. A measurement of the branching ratios for the D∗∗0K−
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final state should be feasible very soon. The large number of B − B¯ pairs expected at the
high luminosity super-B factories and other planned B-physics experiments, should enable
a measurement of the branching fractions for B(B− → D¯∗∗0K−)× B(D¯∗∗0 → (D/D∗)−pi+),
allowing γ to be cleanly extracted. Even an upper limit on the B(B− → D¯∗∗0K−) will place
an assumption free, lower bound on γ.
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